In this talk we review the theoretical status of the lifetime ratios of heavy hadrons and of the B-mixing quantities ∆Ms, ∆Γs and φs. While ∆Ms and ∆Γs suffer from large uncertainties due to the badly known decay constants, the ratio ∆Γs/∆Ms can be determined with almost no non-perturbative uncertainties, therefore it can be used to look for possible new physics effects.
Introduction
The heavy quark expansion (HQE)is the theoretical framework to describe inclusive decays (see e.g. 1 and references therein). In this approach the decay rate is expanded in inverse powers of the heavy b-quark mass: Γ = Γ 0 + Λ 2 /m 2 . Each of the Γ i contains perturbatively calculable Wilson coefficients and non-perturbative parameters, like decay constants or bag parameters. In the case of exclusive b-hadron decays the non-perturbative parameters are given by the meson distribution amplitudes, see e.g. 2 This approach clearly has to be distinguished from QCD inspired models. It is derived directly from QCD and the basic assumptions (convergence of the expansion in α s and Λ/m b ) can be simply tested by comparing experiment and theory for different quantities (see e.g. 3 ).
Lifetimes
The lifetime ratio of two heavy mesons reads 
To improve the theoretical accuracy further more precise lattice values are necessary, in particular of the appearing color-suppressed operators. In the lifetime ratio τ Bs /τ B d a cancellation of weak annihilation contributions arises, that differ only by small SU(3)-violation effects. One expects a number that is very close to one 4,5,10,11 . The experimental number 9 is slightly smaller
Here an increased experimental precision is needed to find out, whether there is discrepancy. Next we consider two hadrons, where the theoretical situation is much worse compared to the mesons discussed above. The lifetime of B c has been investigated in 12 in LO QCD.
τ (B c ) LO = 0.52
−0.12 ps, τ (B c ) Exp = 0.460 ± 0.066 ps.
In addition to the b-quark now also the c-charm quark can decay, giving rise to the biggest contribution to the total decay rate. The current experimental number is taken from 13,9 . In the case of the Λ b -baryon the NLO-QCD corrections are not complete and there are only preliminary lattice studies for a part of the arising matrix elements, see e.g. 14 , so the theoretical error has to be met with some skepticism. Moreover there are some discrepancies in the experimental numbers 9,15 .
Mixing Parameters
The mixing of the neutral B-mesons is described by the off diagonal elements Γ 12 and M 12 of the mixing matrix. Γ 12 stems from the absorptive part of the box diagramsonly internal up and charm quarks contribute, while M 12 stems from the dispersive part of the box diagram, therefore being sensitive to heavy internal particles like the top quark or heavy new physics particles (see eg. 16 • Decay rate difference ∆Γ ≈ 2|Γ 12 | cos φ • Flavor specific or semi-leptonic CP asymmetries: a f s = Im
Calculating the box diagram with internal top quarks one obtains The first error in the theory prediction stems from the uncertainty in f Bs and the second error summarizes the remaining theoretical uncertainties. The determination of ∆M d is affected by even larger uncertainties because here one has to extrapolate the decay constant to the small mass of the down-quark. The ratio ∆M s /∆M d is theoretically better under control since in the ratio of the non-perturbative parameters many systematic errors cancel, but on the other hand it is affected by large uncertainties due to |V ts | 2 /|V td | 2 . To be able to distinguish possible new physics contributions to ∆M s from QCD uncertainties much more precise numbers for f Bs are needed. In order to determine the decay rate difference of the neutral B-mesons and flavor specific CP asymmetries a precise determination of Γ 12 is needed, which can be written as 
5 ) were calculated and found to be small 17,27 . In 17 a strategy was worked out to reduce the theoretical uncertainty in Γ 12 /M 12 by almost a factor of 3, see With this parameterisation the physical mixing parameters can be written as 
Conclusion and outlook
We have reviewed the theoretical status of lifetimes of heavy hadrons and the measureable mixing quantities of the neutral B-mesons. Both classes of quantities can be described with the help of the HQE -a systematic expansion based simply on QCD.
The theoretical uncertainty in the mixing parameters ∆M and ∆Γ is completely dominated by the decay constant. Here some progress on the non-perturbative side is mandatory. In ∆M s /∆M d the dominant uncertainty is given by |V ts /V td | 2 . In τ (B c ) and τ (Λ b ) the important NLO-QCD are missing or are incomplete, moreover we have only preliminary lattice studies of the non-perturbative matrix elements. Theoretical predictions of τ B + /τ B d are in excellent agreement with the experimental numbers. We do not see any signal of possible duality violations in the HQE. To become even more quantitative in the prediction of τ B + /τ B d the non-perturbative estimates of the bag parameters -in particular of the color-suppressed ones -have to be improved. In 17 a method was worked out to reduce the theoretical error in ∆Γ/∆M considerably. For a further reduction of the theoretical uncertainty in the mixing quantities the unknown matrix elements of the power suppressed operators have to be determined. Here any non-perturbative estimate would be very desirable. A first step in that direction was performed in 31 . If accurate non-perturbative parameters are available one might think about NNLO calculations (α s /m b -or α 2 scorrections) to reduce the remaining µ-dependence and the uncertainties due to the missing definition of the b-quark mass in the power corrections. The improvements for ∆Γ/∆M apply to a f s and Φ q as well.
The relatively clean standard model predictions for the mixing quantities can now be used to look for new physics effects in B s -mixing. From the currently available experimental bounds on ∆Γ s and a f s one already gets some hints for deviations from the standard model. To settle this issue we are eagerly waiting for more data from TeVatron, LHCb 23 and SUPER-B 32 !
